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(54) A phoshor for white led and a white led 

(57) An object of the present invention is to provide 
phosphor showing a peak wavelength of excited spec- 
trum within the wavelength range of from 350 to 500 nm 
and suitable for a white LED emitting yellow light, and a 
white LED comprising this phosphor. This object 



achieved by phosphor for white LED comprising a sili- 
cate fluorescent material and a borate fluorescent ma- 
terial. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to phosphor for 5 
white LED and a white LED. 

BACKGROUND OF THE INVENTION 

[0002] It is known that a white LED emitting light which 
looks white is composed of a light emitting diode emit- 
ting blue light and phosphor excited by this blue light to 
emit yellow light (including yellow green color and or- 
ange color). 

Since the wavelength range of blue light emitted from a 
light emitting diode is from 350 to 500 nm, phosphor ex- 
cited by light having this wavelength range and emitting 
yellow fluorescence is used as phosphor for white LED. 
Therefore, desirable phosphor is phosphor that has a 
peak wavelength of excited spectrum within the wave- 
length range of from 350 to 500 nm, excites efficiently 
by light in this wavelength range and emits yellow fluo- 
rescence. 

[0003] As the phosphor used for a white LED com- 
posed of a light emitting diode emitting blue light and 
fluorescence excited by this blue light to emit yellow flu- 
orescence and showing a peak wavelength of excitation 
spectrum within the wavelength range of from 350 to 
500 nm, Japanese Patent Application No. 
2001-214162A, for example, suggests an oxynitride 
glass phosphor activated by europium (composition mo- 
lar ratio: CaO:AI 2 03:Si0 2 :AIN:Eu203 = 29.1:3.2:32.3: 
32.3:3.1). This fluorescence shows a peak wavelength 
of excitation spectrum of 480 nm, within the wavelength 
range of from 350 to 500 nm, however, its peak wave- 
length of luminescence spectrum is 600 nm and it emits 
near red fluorescence. Therefore, when this phosphor 
is used for a white LED, the white LED emit slightly dif- 
ferent form white light and this fluorescence is insuffi- 
cient as the fluorescence for white LED. 
[0004] As the other example of the phosphor used for 
a white LED, the compound represented by (Y 1 . a Gd a ) 3 
(Al^bGa^gO^Ce is practically used (Japanese Patent 
Application No. H1 0-24251 3A). Since the peak wave- 
length of luminescence spectrum contains the blue- 
green fluorescence having the wavelength of 480 nm 
with about 20 % intensity of the emission, when this 
phosphor is combined with blue LED, this phosphor emit 
greenish yellow fluorescence and is insufficient as white 
LED. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide 
phosphor showing a peak wavelength of excitation 
spectrum within the wavelength range of from 350 to 
500 nm, emitting yellow fluorescence, and the lower in- 
tensity of the blue-green fluorescence having the wave- 



length of 480 nm than conventional one and suitable for 
a white LED, and a white LED comprising this fluores- 
cence. 

[0006] The present inventors have intensively studied 
the composition of phosphor for solving the above-men- 
tioned problems under such conditions, and resultantly 
found that phosphor comprising at least one selected 
from the group consisting of a silicate fluorescent mate- 
rial and a borate fluorescent material show a peak wave- 
length of excitation spectrum in the wavelength range 
of from 350 to 500 nm, further, emits yellow fluores- 
cence. Additionally, the present inventor found the said 
phosphor has lower intensity of the blue-green fluores- 
cence having the wavelength of 480 nm than conven- 
tional one, and then completed the invention. 
[0007] Namely, the present invention provides phos- 
phor for white LED comprising at least one selected from 
the group consisting of a silicate fluorescent material 
and a borate fluorescent material. Also, the present in- 
vention provides the above-mentioned phosphor 
wherein the silicate fluorescent material comprises a 
composition represented by mM 1 0-nM 2 0- 2Si02 
(wherein , M 1 represents at least one selected from the 
group consisting of Ca, Sr and Ba, M 2 represents at 
least one selected from the group consisting of Mg and 
Zn, m is from 0.5 to 2.5 and n is from 0.5 to 2.5), and at 
least one activator selected from the group consisting 
of Eu and Dy. Further, the present invention provides 
the above-mentioned phosphor wherein the silicate flu- 
orescent material has the same crystal structure as that 
of Akermanite 

[0008] Thepresentinventionfurtherprovidestheabove 
-mentioned phosphor wherein the borate fluorescent 
material comprises a composition represented by 
sM 3 0-tB 2 0 3 (wherein , M 3 represents at least one se- 
lected from the group consisting of Mg, Ca, Sr and Ba, 
s is from 1 to 4 and t is from 0.5 to 1 0), and at least one 
activator selected from the group consisting of Eu and 
Dy. Moreover, the present invention provides the above- 
mentioned phosphor wherein the borate fluorescent 
' material has the same crystal structure as that of 
Takedaite. The present invention also provides a white 
LED comprising any of the above-described fluorescent 
materials and light emitting diodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

Fig. 1 shows an excitation spectrum of the phosphor 
for white LED: (Ca a9 9Eu 001 )2MgSi 2 O 7 of the 
present invention, obtained in the range from 200 
nm to 500 nm at the peak of luminescence spec- 
trum. The vertical axis shows the intensity of exci- 
tation and the unit is arbitrary. 
Fig. 2 shows a luminescence spectrum of the phos- 
phor for white LED: (Cao 9gEu 0 01 ) 2 MgSi 2 O 7 of the 
present invention when excited with light having a 
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wavelength of 365 nm. The vertical axis shows the 
intensity of emission and the unit is arbitrary. 
Fig.3 shows a luminescence and excitation spec- 
trum of the phosphor for white LED: 
(Sr 0 97 Eu 0 03 ) 3 B 2 O 6 of the present invention. The s 
vertical axis shows the intensity of emission and the 
unit is arbitrary. The horizontal axis shows the 
wavelength and the unit is nm. 

1 means the excitation spectrum monitored at 572 nm. 10 

2 means emission spectrum excited at 382 nm. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0010] The present invention is illustrated in detail be- 
low. The phosphorfor white LED of the present invention 
comprises a silicate fluorescent material, aborate fluo- 
rescent material, or the mixture thereof. 
[0011] The silicate fluorescent material is a crystal of 
a compound oxide containing Si and O. The silicate flu- 
orescent material contains an activator as a metal ele- 
ment other than Si for acting as a fluorescent material. 
The borate fluorescent material is a crystal of a com- 
pound oxide containing B and O. The borate fluorescent 
material contains an activator as a metal element other 
than B for acting as a fluorescent material. The activator 
includes one or more metal elements selected from the 
group consisting of Ce, Pr, Nd, Pm, Sm, Eu, Tb, Dy, Ho, 
Er, Tm, Yb and Mn. As the metal element which may be 
contained other than the activator, listed are one or more 
metal elements selected from the group consisting of I 
(Li, Na, K, Rb), II (Be, Mg, Ca, Sr, Ba), III (Sc, Y), IV (71, 
Zr, Hf), XIII (B, Al, Ga, In), XIV (Ge, Sn) and XV (Sb, Bi) 
in the periodic table. 

[0012] Preferable silicate fluorescent materials are 
silicate fluorescent materials comprising the composi- 
tion represented by the formula (I): 

mM 1 0 • nM 2 0 • 2Si0 2 (I) 

(wherein , M 1 represents at least one selected from the 
group consisting of Ca, Sr and Ba, M 2 represents at 
least one selected from the group consisting of Mg and 
Zn, m is from 0.5 to 2.5 and n is from 0.5 to 2.5), and at 
least one activator selected from the group consisting 
of Eu and Dy. 

[0013] Among them, those having the same crystal 
structure as that of Akermanite are more preferable. 
[0014] The preferable phosphor for white LED among 
the silicate fluorescent materials comprising the compo- 
sition represented by the formula (I) is phosphor com- 
prising a composition represented by formula (I), where- 
in m=2 and n=1 , and Eu as an activator which replaces 
a part of M 1 , that is, the composition represented by for- 
mula (II): 



(M;. a Eu a ) 2 M 2 Si 2 0 7 (II) 

(wherein, M 1 and M 2 are as defined above, and a is from 
0.0001 to 0.5). Another preferable phosphor for white 
LED is phosphor comprises above-mentioned compo- 
sition represented by formula (II) and Dy as a co-activa- 
tor. 

[0015] Further preferable are fluorescent materials 
comprising the above-mentioned composition repre- 
sented by formula (II) in which M 2 represents Mg, and 
Dy as co-activator. 

[001 6] The preferable phosphor for white LED among 
the silicate fluorescent materials comprising the compo- 
sition represented by the formula (I) is also fluorescence 
comprising a composition represented by formula (I), 
wherein m=1 and n=2, and Eu as an activator which re- 
places a part of M 1 , that is, the composition represented 
by formula (III): 

(MV b Eu b )M 2 2 Si 2 0 7 (III) 

(wherein, M 1 and M 2 areas defined above, and b is from 
0.0001 to 0.5). Another preferable phosphor for white 
LED is phosphor comprises above-mentioned compo- 
sition represented by formula (III) and Dy as a co-acti- 
vator. 

[0017] Further preferable are fluorescent materials 
comprising the above-mentioned composition repre- 
sented by formula (III) in which M 2 represents Mg, and 
Dy as co-activator. 

[001 8] Preferable borate fluorescent materials are bo- 
rate fluorescent materials comprising the composition 
represented by the formula (IV): 

sM 3 0.tB 2 0 3 (IV) 

(wherein , M 3 represents at least one selected from the 
group consisting of Mg, Ca, Sr and Ba, s is from 1 to 4 
and t is from 0.5 to 10), 

and at least one activator selected from the group con- 
sisting of Eu and Dy, from the viewpoint of its low inten- 
sity of the blue-green fluorescence having the wave- 
length of 480 nm. 

[0019] Among them, those having the same crystal 
structure as that of Takedaite are more preferable. 
[0020] The preferable phosphorfor white LED among 
the borate fluorescent materials comprising the compo- 
sition represented by the formula (IV) is also fluores- 
cence comprising a composition represented by formula 
(V), wherein s=3 and t=1 , and Eu as an activator which 
replaces a part of M 1 : 

(M 3 ^Eu d ) 3 .B 2 0 6 (V) 
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In (V), wherein, M 3 is as defined above, and c is prefer- 
ably from 0.0001 to 0.5, more preferably from 0.001 to 
0.3, and further preferably from 0.005 to 0.2. 
[0021] The phosphor for white LED of the present in- 
vention comprises a borate fluorescent material is pref- 5 
erable. 

[0022] Next, a method for producing fluorescence of 
the present invention will be described. 
[0023] The method for producing phosphor for white 
LED of the present invention is not particularly restrict- 
ed, and it can be produced by firing a mixture of metal 
compounds which provides a silicate fluorescent mate- 
rial or a borate fluorescent material by firings. 
[0024] The compounds of metal elements other than 
Si as raw materials for producing the phosphor of the 
present invention include compounds capable of being 
decomposed at high temperatures to become oxides, 
such as hydroxides, carbonates, nitrates, halides, 
oxalates and the like having high purity (99% or more), 
or oxides of high purity (99.9% or more). 
[0025] As the Si compound, Si0 2 can be used, and 
compounds having a high purity of 99.9% or more and 
in the form of fine particle having an average particle 
size of 1 urn or less can be preferably used. 
[0026] The compounds of metal elements including B 
(boron) as raw materials is weighted, mixed and fired to 
produce the phosphor of the present invention. For ex- 
ample, one of the preferable compound represented by 
(Sr 0 97 Eu 0 03)3B 2 O 6 is produced by the method where 
SrC0 3 , Eu 2 0 3 and H 3 B0 3 as the raw materials are 
weighed and compounded to give a molar ratio Sr:Eu: 
B of 2.91 :0.09:2, and then be fired. Metal compound oth- 
er than boron compounds is used as raw materials ca- 
pable of being decomposed at high temperatures to be- 
come oxides, such as hydroxides, carbonates, nitrates, 
halides, oxalates and the like having high purity (99% 
or more), or oxides of high purity (99.9% or more). 
[0027] As the B compound, H 2 B0 3 (purity: 95% or 
more), B 2 0 3 (purity: 99% or more) can be used, and 
compounds having a high purity of 99.9% or more can 
be preferably used. 

[0028] These raw materials may be mixed by usual 
and industrial method such as ball mills, V-shaped mix- 
ers, stirrers and the like. 

[0029] The phosphor of the present invention is ob- 
tained by, after mixing, firing the mixture at temperatures 
from 1 000°C to 1 500°C for 1 to 1 00 hours. When com- 
pounds capable of being decomposed at high temper- 
atures to become oxides, such as hydroxides, carbon- 
ates, nitrates, haiides, oxalates and the like, are used, 
it is effective that calcination is performed at tempera- 
tures from 600°C to 900°C before the calcination. 
[0030] The firing atmosphere is not particularly re- 
stricted, and for example, it is preferable to conduct cal- 
cination in a reducing atmosphere such as an atmos- 
phere comprising inert gas such as nitrogen and argon 
and the like, and hydrogen in a proportion of 0.1 to 10 
volume%. As the calcination atmosphere, either of an 



air atmosphere or reducing atmosphere maybe select- 
ed. For promoting the reaction, a suitable amount of flux 
may also be added. 

[0031] Further, fluorescence obtained by the above- 
mentioned method may be ground by using, for exam- 
ple, a ball mill, jet mill and the like. Moreover, washing 
and classification may be conducted. For enhancing the 
crystallinity of the resulting phosphor, re-firing may also 
be conducted. 

[0032] Since the phosphor of the present invention 
obtained as described above has a peak wavelength of 
excitation spectrum in the range of from 350 to 500 nm, 
it is excited efficiently with light in this wavelength range, 
to cause yellow color emission of which intensity of blue- 
green light having the wavelength of around 500nm is 
low. Accordingly, the phosphor is preferably used for 
white LED. 

[0033] As the light emitting diode emitting light of a 
wavelength of 350 to 500 nm which excites phosphor, 
light emitting diodes made of a nitride semiconductor 
are preferable. The nitride semiconductor is known as 
a semiconductor material having a band gap from 1 .95 
eV (InN) to 6.19 eV (AIN), and theoretically, light emis- 
sion at from about 633 nm to 201 nm is possible (JP No. 
11-191638A). The wavelength of emission from nitride 
semiconductor can be varied by the ratio of its constit- 
uent elements, and for example, the peak of light emis- 
sion wavelength can be controlled in the rage from 320 
to 450 nm in the case of the Ga-N type and in the range 
from 300 to 500 nm in the case of the In-AI-Ga-N type. 
As the light emitting element made of a nitride semicon- 
ductor include light emitting elements having a hetero 
structure or double hetero structure, in which the light 
emitting layer is made of a compound of the composition 
formula In^lyGa^yN (0<x, 0<y, x+y<1). 
[0034] The white LED of the present invention can be 
produced by known methods such as disclosed in JP 
Nos. 5-152609A and 7-99345A and the like using the 
fluorescence of the present invention. The white LED of 
the present invention can be produced by dispersing the 
phosphor of the present invention in a transparent resin 
such as an epoxy resin, polycarbonate, silicon rubber 
and the like, and molding the resin containing the dis- 
persed phosphor so that it surrounds a light emitting di- 
ode (compound semiconductor) on a stem. In the white 
LED of the present invention , a blue color emitting nitride 
semiconductor is preferable as the light emitting diode, 
and it is also possible to use a compound semiconductor 
emitting from ultraviolet to blue light. 
[0035] Though the phosphor of the present invention 
can be used alone, it is also possible to produce a white 
LED showing higher whiteness by combination with oth- 
er phosphor such as, for example, fluorescence emitting 
red light, fluorescence emitting green light and the like. 

EXAMPLES 

[0036] The present invention will be illustrated further 
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in detail by examples below, but the scope of the inven- 
tion is not limited to them. 

Example 1 

[0037] For producing (Ca^ 99 Eu 001 ) 2 MgSi 2 O 7 , calci- 
um carbonate CaC0 3 , europium oxide Eu 2 0 3 , magne- 
sium oxide MgO and silicon oxide Si0 2 were used as 
starting raw materials. These raw materials were com- 
pounded to give a molar ratio CaC0 3 :Eu 2 0 3 :MgO:Si0 2 
of 1 .98:0.01 :1 :2, and 0.1 mol of B 2 0 3 was added as a 
flux to 1 mol of the product (Ca 0 qqEuq 01 ) 2 MgSi 2 O 7 , and 
acetone was added to this and these were sufficiently . 
mixed under wet condition in a mortar, and the mixture 
was dried. The resulted raw material mixture was placed 
in a stainless mold, and pressed under a pressure of 40 
MPa to moid it into circular pellets having a diameter of 
15 mm and a thickness of 3 mm. The resulted pellets 
were charged in an alumina crucible, and fired at 
1 200°C in a 5%H 2 -95%Ar atmosphere for 3 hours to ob- 
tain fluorescence. The resulted fluorescence had anA- 
kermanite crystal structure. The fluorescence obtained 
after firing was excited with ultraviolet ray of 254 nm or 
365 nm, to show yellow light emission of high brilliance 
in each case. Fig. 1 shows an excitation spectrum and 
Fig. 2 shows an emission spectrum. The peak wave : 
length of the excitation spectrum was around 390 nm 
and the peak wavelength of the emission spectrum was 
around 530 nm. The intensity of the peak wavelength of 
the excitation spectrum having 480nm was 8% of that 
of the peak wavelength of 530nm. 
[0038] On a blue light emitting element made of a ni- 
tride semiconductor, the resulted phosphor was applied 
and allowed to cause light emission, thus LED can be 
obtained which looks white by mixing of light from the 
nitride semiconductor and light from the phosphor. 
[0039] The nitride semiconductor having a light emis- 
sion layer of a composition ln 03 Gao 7 N and having a 
light emission peak at 450 nm was used. The nitride 
semiconductor was produced by a MOVPE (Metalor- 
ganic Vapor Phase Epitaxy) method using a TMG (tri- 
methylgallium) gas, TEG (triethylgallium) gas, TMi (tri- 
methylindium) gas, ammonia and dopant gas (silane 
<SiH 4 ) and cyclopentadienylmagnesium (Cp 2 Mg)) on a 
washed sapphire substrate. An electrode was formed 
on this nitride semiconductor, to give a light emitting di- 
ode. 

EXAMPLE 2 

[0040] For producing (Sr 0 97 Eu 0 03 ) 3 B 2 O 6l strontium 
carbonate SrC0 3 , europium oxide Eu 2 0 3 , and boron ox- 
ide H 3 BO a were used as starting raw materials. These 
raw materials were compounded to give a molar ratio 
Sr:Eu:B of 2.91 :0.09:2, and 0.1 mol of H 3 B0 2 was add- 
ed as a flux to 1 mol of the product (Sr 0 97 Eu 0 x&h&2°6> 
and acetone was added to this and these were suffi- 
ciently mixed under wet condition in a mortar, and the 



mixture was dried. The resulted raw material mixture 
was placed in a stainless mold, and pressed under a 
pressure of 40 MPa to mold it into circular pellets having 
a diameter of 15 mm and a thickness of 3 mm. The re- 

s suited pellets were charged in an alumina crucible, 
maintained at 1000°C in an air and fired at 1000°C in a 
5%H 2 -95%Ar atmosphere for 1 0 hours to obtain fluores- 
cence. The resulted fluorescence had a Takedaite crys- 
tal structure by X-ray analysis. The fluorescence ob- 

10 tained after firing was excited with ultraviolet ray of 254 
nm or 365 nm, to show yellow light emission of high bril- 
liance in each case. Fig. 3 shows an excitation spec- 
trum. The peak wavelength of the excitation spectrum 
was around 380 nm and the peak wavelength of the 

is emission spectrum was around 572 nm. The intensity 
of the peak wavelength of the excitation spectrum hav- 
ing 480nm was 2% of that of the peak wavelength of 
572nm. 

[0041] On a blue light emitting element made of a ni- 
20 tride semiconductor, the resulted phosphor was applied 
and allowed to cause light emission, thus LED can be 
obtained which looks white by mixing of light from the 
nitride semiconductor and light from the phosphor. 
[0042] The nitride semiconductor having a light emis- 
25 sion layer of a composition ln 0 3 Gao 7 N and having a 
light emission peak at 450 nm was used. The nitride 
semiconductor was produced by a MOVPE (Metalor- 
ganic Vapor Phase Epitaxy) method using a TMG (tri- 
methylgallium) gas, TEG (triethylgallium) gas, TMI (tri- 
30 methylindium) gas, ammonia and dopant gas (silane 
(SiH 4 ) and cyclopentadienylmagnesium (Cp 2 Mg)) on a 
washed sapphire substrate. An electrode was formed 
on this nitride semiconductor, to give a light emitting di- 
ode. 

35 [0043] The phosphor of the present invention is effi- 
ciently excited by light in the wavelength range of from 
350 to 500 nm emitted by a blue light emitting diode and 
shows yellow light emission, and its intensity of blue- 
green light having wavelength of around 500nm was 

40 low, therefore, it is suitable for a white LED, and a white 
LED obtained by using the fluorescence of the present 
invention shows high efficiency and has high brilliance, 
therefore, the present invention is extremely useful in- 
dustrially. 

45 

Claims 

1 . Phosphor for white LED comprising at least one se- 
50 lected from the group consisting of a silicate fluo- 
rescent material and a borate fluorescent material. 

2. The phosphor according claim 1 , wherein the sili- 
cate fluorescent material comprises a composition 

55 represented by mM 1 0-nM 2 O-2Si0 2 (M 1 represents 
at least one selected from the group consisting of 
Ca, Sr and Ba, M 2 represents at least one selected 
from the group consisting of Mg and Zn, m is from 
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0.5 to 2.5 and n is from 0.5 to 2.5), and 
at least one activator selected from the group con- 
sisting of Eu and Dy. 

3. The phosphor according to claim 1 , wherein the sil- 
icate fluorescent material has the same crystal 
structure as that of Akermanite. 

4. The phosphor according to claim 1 , wherein the sil- 
icate fluorescent material comprises a composition 
represented by 

(M\_ a EuJ 2 M 2 Si 2 0 7 (||) 

(wherein M 1 represents at least one selected from 
the group consisting of Ca, Sr and Ba, M 2 repre- 
sents at least one selected from the group consist- 
ing of Mg and Zn, and a is from 0:0001 to 0.5). 

5. The phosphor according to claim 4, wherein the flu- 
orescence further comprises Dy as a co-activator. 

6. The phosphor according to claim 1 , wherein the sil- 
icate fluorescent material comprises the composi- 
tion represented by formula (III): 

(M\ b Eu b )M 2 2 Si 2 0 7 (III) 

(wherein M 1 represents at least one selected from 
the group consisting of Ca, Sr and Ba, M 2 repre- 
sents at least one selected from the group consist- 
ing of Mg and Zn, and b is from 0.0001 to 0.5). 

7. The phosphor according to claim 6, wherein the flu- 
orescence further comprises Dy as a co-activator. 

8. The phosphor according to claim 4 or 6, wherein M 2 
is Mg. 

9. The phosphor according to claim 1 , wherein the bo- 
rate fluorescent materials are borate fluorescent 
materials comprising the composition represented 
by the formula (IV): 

sM 3 0-tB 2 0 3 (IV) 

wherein, M 3 represents at least one selected from 
the group consisting of Mg, Ca, Sr and Ba, s is from 
1 to 4 and t is from 0.5 to 1 0, and 
at least one activator selected from the group con- 
sisting of Eu and Dy. 

1 0. The phosphor according to claim 9, wherein the bo- 
rate fluorescent material has the same crystal struc- 



ture as that of Takedaite. 

11. The phosphor according to claim 9 or 10, wherein 
the borate fluorescent materials comprising the 
s composition represented by the formula (IV) and Eu 
as an activator 

(M 3 1 . c Eu d ) 3 .B 2 0 6 (V) 

10 

wherein, M 3 represents at least one selected from 
the group consisting of Mg, Ca, Sr and Ba, and c is 
preferably from 0.0001 to 0.5. 

15 12. The phosphor according to claim 11, wherein c is 
from 0.001 to 0.3. 

13. The phosphor according to claim 11, wherein c is 
from 0.005 to 0.2. 

20 

1 4. A white LED comprising phosphor which comprises 
at least one selected from the group consisting of a 
silicate fluorescent material and a borate fluores- 
cent material, and light emitting diodes. 

25 

15. The white LED according to claim 14, wherein the 
silicate fluorescent material comprises a composi- 
tion represented by mM 1 0-nM 2 0-2Si0 2 (M 1 repre- 
sents at least one selected from the group consist- 
so ing of Ca, Sr and Ba, M 2 represents at least one 

selected from the group consisting of Mg and Zn, m 
is from 0.5 to 2.5 and n is from 0.5 to 2.5), and at 
least one activator selected from the group consist- 
ing of Eu and Dy. 

35 

16. The white LED according to claim 14, wherein the 
silicate fluorescent material has the same crystal 
structure as that of Akermanite. 

40 17. The white LED according to claim 14, wherein the 
borate fluorescent materials are borate fluorescent 
materials comprising the composition represented 
by the formula (IV): 

sM 3 0.tB 2 0 3 (IV) 

wherein, M 3 represents at least one selected from 
the group consisting of Mg, Ca, Sr and Ba, s is from 
50 1 to 4 and t is from 0.5 to 1 0, and 

at least one activator selected from the group con- 
sisting of Eu and Dy. 

18. The white LED according to claim 14, wherein the 
55 borate fluorescent material has the same crystal 
structure as that of Takedaite. 
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A PHOSPHOR FOR WHITE LED AND A WHITE LED 



Figure 1. 
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Fig.3 
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